The association between arterial hypertension and migraine has been discussed for several years. However, numerous studies that have examined the relationship between these two pathologies have not explained the meaning of their concomitant presence in the same patient.
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Abstract Several studies on patients observed in headache centers show an association between headache, including migraine, and arterial hypertension. As both these pathologies have an elevated prevalence in the general population, their association in the same patient could be casual and does not indicate a real comorbidity. Recent studies undertaken on the general population show results that seem to exclude a comorbidity between the two pathologies. Basal elevated diastolic and systolic pressures are not associated to the emergence of a migraine, whereas for subjects with systolic pressure over 150 mmHg, the risk of developing a nonmigrainous headache is less than 30% compared with normotensive subjects. However, other recent studies suggest that the association between arterial hypertension and migraine consists in the sharing of genetic abnormalities involving the angiotensin-converting enzyme (ACE): a greater availability of angiotensin II, due to a higher activity of ACE, seems to be a pathogenetic mechanism common to arterial hypertension and migraine. The possible pathogenetic role of ACE in migraine and in other headaches seems to be confirmed by several clinical studies that show the efficacy of drugs that inhibit ACE or block angiotensin II receptor. Recent prospective studies have evaluated risk factors for the chronicity of episodic migraine and have shown that arterial hypertension appears to play an important role because a higher incidence of this disease has been observed in patients with episodic migraine transformed into chronic type. Two recent studies undertaken on the general population show results that seem to exclude a comorbidity between the two pathologies. In one prospective study with a follow-up of 11 years, there was no association between basal elevated diastolic and systolic pressures and the emergence of migraine, whereas subjects with systolic pressure over 150 mmHg showed a risk of developing a nonmigrainous headache of less than 30% compared with normotensive subjects.
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This result complies with the possibility that hypertension could cause hypoalgesia [3] . The second study suggests that migraine is really more frequent in normotensive patients [4] .
Noncasual association (comorbidity) between arterial hypertension and migraine: possible role of ACE Recent studies suggest that the association between arterial hypertension and migraine consists in the sharing of genetic abnormalities involving the angiotensin-converting enzyme (ACE) that could cause a background for the development of both pathologies. A greater availability of angiotensin II, due to a higher activity of ACE, could in fact be a pathogenetic mechanism common for arterial hypertension and migraine. Yet in 1988 it was demonstrated that in migrainous subjects the plasma concentration of ACE did not show the circadian variations observed in healthy subjects; in migraineurs, this nonperiodicity could be an inappropriate degradation of ACE-dependent substrates [5] .
In the beginning of the 1990s, Rigat et al. [6] published a study that is considered a milestone in the research on the ACE gene. These authors found a genetic polymorphism characterized by the binomial insertion/deletion of a DNA fragment of 250 bp. The allele with the fragment was called I, the one without the fragment was called D. This polymorphism is transmitted by a mendelian mechanism. The distribution of the three genotypes is 18% for type II, 46% for type ID, and 6% for type DD. This work also demonstrated that the subjects with DD genotype showed the most elevated plasma concentration of ACE. Starting from these data, Paterna and colleagues observed that migraineurs without aura have a higher incidence of the DD genotype than control subjects, with a greater plasma activity of ACE. They also found the frequency of attacks was more elevated in migrainous patients with DD genotype than in migrainous patients with the other genotypes (II and ID) [7] .
The possible pathogenetic role of ACE in migraine and in other headaches seems to be confirmed by several clinical studies showing the efficacy of drugs that inhibit ACE or block angiotensin II receptor. Captopril, the first ACE inhibitor, was initially used by Sicuteri in an open study of patients affected by migraine or other primary headaches. This author, a pioneer in headache research, found a clear decrease in the number of painful crises [8] . This efficacy was confirmed in a placebo-controlled clinical study [9] . The prophylactic activity of captopril was attributed to its capacity to inhibit the degradation of endogen opioids, whose scarcity was considered, at that time, to be the starting point of the migraine crises. The observation that ACE inhibitors operate also in the central nervous system has implied that their prophylactic activity may depend on these central effects [10, 11] . Recently, a placebo-controlled clinical study, conducted according to the guidelines of the International Headache Society, has demonstrated the efficacy of lisinopril in prophylactic therapy of migraine [12] . The therapeutic mechanism of this drug has been related to its capacity to reduce the enzymatic activity of ACE, which is abnormally elevated in the migraineurs with DD genotype. More recent studies on antagonists of angiotensin II receptors seem to confirm the hypothesis that an increased availability of angiotensin II, due to an increased activity of ACE, could play a pathogenetic role in migraine. A meta-analysis of 12,110 patients treated with antagonists of angiotensin II receptors for arterial hypertension shows that these drugs reduce the risk of headache by more than one-third [13] . In a recent placebo-controlled clinical study, candesartan reduced the number of days with headache in migraineurs [14] .
Although the mechanism by which ACE inhibitors and angiotensin II antagonists play a prophylactic role in migraine is not completely clear and this therapeutic action has yet to be confirmed in larger studies, these drugs could represent a new pharmacological class with a low index of side effects in the prophylaxis of migraine, especially in the presence of arterial hypertension.
Hypertension as a possible cause of the chronicity of migraine
It is well known that the presence of arterial hypertension in a patient affected by migraine is associated to an increased number of painful crises with major intensity [15] and to the transformation of an episodic headache into chronic daily headache [16, 17] .
Recent prospective studies have evaluated risk factors for the chronicity of episodic migraine without aura in patients visiting headache centers. An increased incidence S87 of arterial hypertension was observed in patients with episodic migraine that develops into a chronic pattern [18] .
Recently, a significant association with arterial hypertension was observed in subjects affected by transformed migraine who overuse nonsteroidal anti-inflammatory drugs (NSAIDs) [19] . These observations suggest that arterial hypertension can obstruct the natural improvement of migraine with age, favoring its chronicity.
